Background
The interaction between the heart and kidneys maintains the stability of blood volume, blood vessel tension, and hemodynamics. Existing studies have not yet explored the relationship between heart function and renal failure. However, the concept of cardiorenal syndrome is known, and therefore cardiac and renal function are thought to be closely related [1] . This relationship is particularly important in long-term dialysis patients because most patients with uremia have impaired heart function, and successful kidney transplantation is crucial for the prognosis of uremic patients. After transplantation, good cardiac function and blood flow perfusion are two of the most important factors for the restoration of renal function. Therefore, the use of inotropes to maintain kidney perfusion after kidney transplantation is an issue worth exploring.
Because the causes of heart failure vary, the effects of inotropic cardiac drug therapy in patients are not the same. As is known, beneficial inotropic drugs include cardiac glycosides and nonglucosides (including phosphodiesterase inhibitors, calcium sensitizers, β agonists, etc.
). An early study demonstrated that dobutamine and milrinone can increase heart function and renal blood flow and decrease the incidence of acute renal injury after heart surgery, suggesting that these drugs protect the kidneys [2] . However, the results of other studies show that inotropic drugs show no direct improvement of renal function and prognosis in patients with chronic heart failure [3, 4] . These results suggest to us that the protective effect of cardiac drugs on heart failure has not been confirmed. At present, new types of inotropic cardiodrugs are under development. As a new class of calcium sensitizer inotropic drug, levosimendan can improve cardiac function in patients with cardiac insufficiency, but only a few studies have evaluated its effectiveness in improving kidney function. This study was aimed at evaluating the effectiveness of cardiac inotropes, specifically levosimendan, by measuring the protective effects of this drug on renal function in kidney transplant patients.
Material and Methods

Patients and Inclusion/Exclusion Criteria
Eighty-nine patients who underwent kidney transplantation between April 2014 and December 2016 at the Qilu Hospital were included in this study. Inclusion criteria were: (1) level 2 cardiac insufficiency according to the New York Heart Association (NYHA) standard, (2) transplant from an ABO-compatible donor, (3) a negative panel reactive antibody (PRA) test and cross-match at the time of transplantation, and (4) an age at transplantion of 4-70 years. Exclusion criteria were: (1) mental disorders and cognitive dysfunction, (2) allergic diseases and/or allergies, and (3) severe aphasia, agnosia, or apraxia. All patients were followed up for outcomes until June 2017. Clinical data were collected from enrollment and throughout follow-up.
The 2 main clinical outcomes compared in this study were survival and composite clinical outcome. A poor composite outcome was defined as any 1 of the following: death, a blood creatinine level > 500 μmol/L, a return to dialysis, or a rejection episode. A good composite outcome was when patients did not exhibit any of these criteria. A diagnosis of acute rejection was based upon biopsy results.
Treatment
Patients were randomly assigned to 2 groups. The treatment group underwent a course of standard therapy after kidney transplantation including administration of the inotrope levosimendan. The control group underwent the standard therapy but did not receive the inotrope. All patients received standard triple immunosuppression therapy, i.e., calcineurin inhibitors, mycophenolatemofetil, and prednisone. Desensitization treatment strategies were not deployed for any patients.
Levosimendan was initiated at a dose of 6-12 μg/kg intravenously, and then resumed at 0.1 μg/kg/min for 1 h. After that, the dosage was adjusted to 0.2 μg/kg/min and maintained for 24 h. All treatment was carried out under electrocardiographic monitoring. If any of the following occurred, the treatment was suspended: (1) a heart rate > 130 beats per minute (bpm), that increased by > 15 bpm or lasted for > 10 min; (2) symptomatic hypotension or a systolic blood pressure of < 75 mm Hg; (3) malignant arrhythmia; (4) adverse events that the investigators considered significant enough to discontinue treatment.
Concomitant Medication
Patients were permitted to accept an increase in drug dose, diuretics, and any other basic drug therapy.
Observation Index
Clinical Signs and Symptoms. This involved a serious change in vital signs or the occurrence of complications (e.g., delayed graft function, graft hemorrhage, rupture or nephrectomy, and death). The monitoring period was 1 year after kidney transplantation.
Renal Function-Related Index. This involved urine volume and serum creatinine (Scr) level after 24 h. These indices were monitored in the hospital lab each day for 7 days, and then at 2 weeks, 1 month, and 3 months.
Renal Injury-Related Index. This involved the expression of neutrophil gelatinase-associated lipocalin (NGAL). The concentration of NGAL was measured using a human ELISA kit according to the manufacturer's instructions. The kit was bought from Cusabio (cat. No. CSB-E09408h). The absorbance (OD value) of each hole was measured at a 450-nm wavelength, and the concentration measured according to the OD value of serum samples with a standard curve.
Statistics
Differences in quantitative parameters were assessed using the t test for data that were normally distributed or the nonparametric test for data that were not normally distributed. Differences in qualitative data were compared using the χ 2 test and Fisher's exact test. Kaplan-Meier curves and log rank tests were performed to compare survival and composite outcomes between groups. p < 0.05 was considered significant. Statistical analysis was performed with SPSS v15.0 (SPSS Inc., Chicago, IL, USA).
Results
Of 89 kidney transplant recipients, 45 received standard therapy with levosimendan after kidney transplantation (treatment group), and the other 44 received standard therapy without inotropes (control group).
The clinical baseline data of these patients appear in Table 1 . There were no significant differences between groups in age, sex, or blood transfusion frequency, donor type, pretransplant creatinine level, or HLA mismatch. There was also no significant difference in survival between the treatment and control groups ( Table 2) . One patient died on day 7 after transplantation due to a lung infarction and the other died 6 months later in a car accident. There was no significant difference in the recovery of renal function after kidney transplantation as indicated by the level of creatinine and the volume of urine after 24 h (Fig. 1, 2) . However, the level of NGAL was lower in the treatment group during the first week after transplantation (Fig. 3) . The treatment group also had a better composite outcome than the control group (Table 3) .
Discussion
In this study, due to the polyuria stage during the first few days (usually starting on days 1-3 and reaching a peak on day 4 or 5), urine volume in both groups increased on days 4 and 5 and then gradually decreased. As for the success of the kidney transplantation, the creatinine values in both groups were normal after 1 week. Although there was no statistical difference in creatinine values, urine volume, or survival rate between the 2 groups, the treatment group had a better composite outcome than the control group, suggesting that inotropic agents can affect the long-term prognosis after kidney transplantation. The index of renal injury, the NGAL level, was higher in the control group than in the treatment group, also indicating that inotropic agents play a role in kidney protection during the transplantation process.
As previously known, inotropic drugs can activate the K + channel of vascular smoothmuscle cells, reduce the time of action potential, and prolong the occurrence of hyperpolar- ization, which lead to an extension of Ca 2+ channel and a decrease in calcium influx [5] . Furthermore, these drugs can activate the Na + -Ca 2+ protein complex, which can increase calcium efflux and reduce intracellular Ca 2+ concentration. This can promote the relaxation of arterial smooth-muscle cells and the expansion of small arteries, which upregulate the perfusion of blood into tissues and organs [6] . Yilmaz et al. [7] showed that levosimendan improved renal function in 88 patients with acute decompensating heart failure, and pointed out that the improvement in glomerular filtration rate (GFR) induced by levosimendan lasted for 72 h. In addition, levosimendan can cause the relaxation of arteries and veins [8] , including the central and peripheral blood vessels. A previous study showed that levosimendan played a decisive role in controlling central venous pressure, an important independent predictor of GFR in patients with heart failure [9] . As a result, the dilatation of renal blood vessels increases blood perfusion from the renal arteries and reduces the risk of renal ischemia, eventually improving renal function [10, 11] . Our assumption is that inotropic drugs may have a protective effect on the kidneys after kidney transplantation. This would explain our observation that the treatment group had a better composite outcome than the control group. In our study, levosimendan was delivered within 24 h by means of a single dose. this drug has a long half-life of about 80 h. Consequently, it can be expected that a 24-h intravenous injection will maintain the treatment effect for approximately 1 week [12] . According to previous studies, levosimendan is more effective than dobutamine for improving hemodynamic parameters in patients with congestive heart failure [10, 13] . Strong myocardial contraction and stable dynamic blood flow are expected to maintain sufficient blood perfusion to the kidneys [14, 15] . Our study suggests that this mechanism is also effective in renal transplantation. Previous univariate analysis suggested that increased hemodynamics and augmentation of renal perfusion may be important mechanisms to explain the improvement of renal function in patients treated with levosimendan [16] . For systemic inflammatory responses caused by severe infection or other reasons, levosimendan can reduce the degree of inflammatory reactivity by decreasing the release of inflammatory cytokines, and consequently protect organ function [17] [18] [19] [20] . In addition, because of its anti-inflammatory effects, levosimendan can help reduce the dosage of immunosuppressive agents after renal transplantation, thereby reducing renal toxicity and playing a protective role for the transplanted kidney. All of the above could explain why NGAL levels were reduced in the treatment group.
Levosimendan promotes the transformation of L-arginine to nitric oxide (NO) in endothelial cells by increasing NO synthase in the blood vessels. NO is known to expand the coronary arteries and also participates in the inflammatory reactivity of the myocardium, by reducing the aggregation of inflammatory cells, inhibiting the aggregation and adhesion of platelets, and preventing intravascular thrombosis [21] . These indirect anti-inflammatory and antithrombotic effects are very important for the long-term protection and function of the renal allograft.
In conclusion, we have shown that the long-term prognosis after renal transplantation can be improved by the use of isotropic drugs (e.g., levosimendan), suggesting a protective effect in renal injury after kidney transplantation. This mechanism may be related to an improvement in cardiac function (that causes the expansion of the renal vasculature) and the renal allograft blood supply. It must be noted that the number of patients in this study was small and the observation time was short. Further investigation will be needed to determine the long-term efficacy of inotropic therapy on kidney graft function after transplantation. 
